INTRODUCTION
============

Acute vertebrobasilar artery occlusion (AVBAO) is generally accepted to have a dismal prognosis[@B3][@B5][@B10]. One of the most important factors affecting favorable clinical outcome in AVBAO is early recanalization[@B10][@B13][@B14][@B15]. Intravenous or intra-arterial (IA) thrombolytic agents showed poor outcomes in accomplishing successful recanalization in AVBAO[@B14][@B22][@B23][@B25][@B26][@B27].

Recently, however, endovascular mechanical thrombectomy (MT) devices such as stent retrievers or suction thrombectomy with reperfusion catheters have opened a new era of treatment for successful recanalization in AVBAO[@B7][@B9][@B16][@B17][@B19][@B20][@B24]. Also, the result of mechanical recanalization in basilar artery occlusion in the Endovascular Stroke Treatment (ENDOSTROKE) study was published in this year[@B28].

For achieving successful recanalization, multimodal treatments using IA thrombolysis, percutaneous balloon angioplasty (PTA), or stenting regardless of intravenous thrombolytic agent, can be necessary. If recanalization is not achieved after thrombectomy, several causes may be considered : 1) focal underlying atherosclerotic stenosis, 2) large amount of thrombus, or 3) thrombus with long segment intracranial stenosis. Based on the cause of failed thrombectomy alone, we selected various treatment modalities.

This study aimed to investigate the effectiveness of additional treatment modalities after the failure of recanalization by thrombectomy alone in AVBAO.

MATERIALS AND METHODS
=====================

Patient populations
-------------------

Data for all patients with acute stroke who underwent endovascular treatment were prospectively collected from our stroke data base registry. We retrospectively analyzed clinical and angiographic results for patients presenting with acute ischemic stroke with vertebrobasilar artery occlusion and treated with thrombectomy, retrievable stents, or suction thrombectomy with a reperfusion catheter between October 2013 and June 2015.

All patients who presented to the emergency room in our institution were evaluated by two stroke neurologists and assigned a National Institutes of Health Stroke Scale (NIHSS) score. Urgent brain non-contrast computed tomography (CT) with CT angiography, or stroke magnetic resonance imaging (MRI) with diffusion weighted imaging (DWI) and time-of-flight MR angiography, were performed in all patients. For endovascular thrombectomy, our inclusion criteria were as follows : 1) baseline NIHSS score of ≥6, 2) evidence of AVBAO on CT or MR angiography, 3) imaging findings consistent with clinical symptoms, and 4) symptom duration after stroke onset \<24 hours. The exclusion criteria were : 1) intracerebral hemorrhage on CT or MRI, 2) established large brainstem or cerebellar infarction on non-contrast CT, 3) previous occlusion of another intracranial vessel, or 4) life expectancy of \<3 months. Informed consent was obtained from patients or their relatives.

Intravenous thrombolysis with recombinant tissue plasminogen activator (rtPA) (0.6 mg/kg) was administered as bridging therapy in patients with no contraindication.

Endovascular therapies
----------------------

For all patients, the IA thrombectomy procedure was performed under monitored anesthesia care using intravenous dexmedetomidine (Precedex®). No antiplatelet drugs or intravenous anticoagulants were administered, except for mixed heparin in the flushing system during the procedure.

A 7 Fr sheath was placed in the femoral artery, and diagnostic angiography was performed to identify the dominant and more easily accessible vertebral artery (VA) to the occlusion site. The clot occlusion site was divided into the VA; proximal, middle, or distal segment of the basilar artery (BA); or proximal posterior cerebral artery (PCA). A 6 Fr guiding catheter system (Chaperon, Microvention, Tustin, CA, USA) was introduced and placed in the distal cervical segment of the dominant VA.

Solitaire FR (Covidien, Dublin, Ireland) or Penumbra reperfusion catheters (Hutem, Alameda, CA, USA) were used for mechanical thrombectomy. Using the Solitaire FR device, a Rebar-18 microcatheter (EV3, Irvine, CA, USA) was carefully placed to at least 1 cm beyond the distal extent of the clot. We tried that the thrombus was placed within the center of the total length of a retrievable stent. Because of the absence of a stent strut to the distal 10 mm of the proximal stent marker, the proximal end of the thrombus was placed in more distal side of distal 10 mm of the proximal stent marker; the stent was deployed completely by pulling back the microcatheter nearly proximal to the proximal stent marker. Angiography was then performed to confirm restoration of immediate flow for adequate stent placement. From deployment to pull-back of the stent, about 5 minutes was allowed for the thrombus formation to be embedded within the stent.[@B4] Before stent retrieval, the microcatheter was advanced to partially resheath the proximal connection site of the stent to the pusher wire to minimize breakage between the stent and pusher wire.[@B18] The Solitaire FR stent and microcatheter were pulled back simultaneously during blood aspiration with a 50 cc syringe in the guiding catheter to minimize distal emboli, because of the absence of an available balloon-guided catheter. If occlusion persisted or if there was incomplete recanalization of the vessel, the microcatheter and stent were cleaned and reinserted for repeat thrombectomy. Control angiograms were performed after each thrombectomy attempt to evaluate the recanalization and distal emboli in previously unaffected vascular territory.

Using a penumbra reperfusion catheter, we placed the catheter just proximal to the clot occlusion site, and applied negative pressure at the proximal tip by continuous aspiration with a 50 cc syringe. The catheter was then carefully pulled back. We defined the difficult case in no successful recanalization despite 3 times mechanical thrombectomy. Next, we applied the additional treatment modalities in this situation.

If there was suspicion of underlying atherosclerotic stenosis, IA tirofiban (Aggrastat®) (0.5-1.5 mg) was infused through the microcatheter just proximal to the occlusion site. For balloon angioplasty, a Gateway® PTA balloon (Stryker Neurovascular, Fremont, CA, USA) was advanced and inflated very carefully using a 0.014-inch exchange microwire (Transend, Stryker Neurovascular, Natick, MA, USA). The balloon was carefully inflated to nearly 80-90% of normal distal vessel diameter. In permanent stent deployment, postprocedure aspirin 300 mg/day was initiated after 24 hours.

In the absence of successful recanalization despite 3 times thrombectomy alone, we considered two situations : 1) repetitive reocclusion after recanalization, or 2) failed first recanalization despite various multimodal methods. In the event of repetitive reocclusion after recanalization, we assumed underlying atherosclerotic stenosis and treated serially with PTA with/without permanent stenting after IA tirofiban infusion (0.5-1.5 mg).

Clinical and angiographic outcome measurements
----------------------------------------------

The recanalization extent was classified according to the TICI grading scale. TICI grades 2b and 3 were rated as successful recanalization, whereas TICI grades 0 to 2a were rated as unsuccessful[@B11]. After the endovascular procedure, all patients were observed in the intensive stroke unit for about 24 hours. Postprocedure routine follow-up at 24 hours and 7 days was performed with CT or MRI. Postprocedure routine and NIHSS and modified Rankin Scale (mRS) scores were assessed by an advanced practice nurse in the stroke unit until discharge; 3-month scores were obtained by telephone follow-up or an outpatient visit by a nurse practitioner.

Clinical data for this study included age, gender, hypertension, diabetes mellitus (DM), smoking, hyperlipidemia, cardiac disease, stroke subtype according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification[@B1], intravenous rtPA use, time from symptom onset to groin puncture, and initial NIHSS scores. Additional angiographic data included occluded vessel site, type of IA thrombectomy device, number of attempts at thrombectomy, type of additional treatment, such as IA thrombolytic agent, balloon, or stent, and time from groin puncture to recanalization (TGR).

The outcomes were measured according to postprocedure TICI grade, NIHSS scores at 7 days, and mRS scores at 3 months. A favorable outcome was defined as an mRS score ≤2 at 3 months and improvement of ≥10 or ≤6 points in the NIHSS score. When postprocedure intracerebral hemorrhage occurred, hemorrhage with a decline of ≥4 points in the NIHSS score was defined as symptomatic.

Statistical analysis
--------------------

Statistical analysis was performed with commercial software (SPSS, version 15.0, SPSS Inc., Chicago, IL, USA). The descriptive analysis for data was presented as mean±standard deviation. Fisher\'s exact test was used for the statistical analysis of 1) the independent variables (hypertension, DM, smoking, hyperlipidemia, cardiac disease, recent ischemic stroke, and TOAST classification) affecting the treatment modality (thrombectomy alone vs. multimodal treatment), 2) 7-day and 3-month clinical outcome according to arterial recanalization, and 3) 7-day and 3-month clinical outcome according to the type of treatment modality. A *p*-value less than 0.05 was considered significant.

RESULTS
=======

Between October 2013 and June 2015, there were total 109 patients with acute ischemic stroke treated with mechanical thrombectomy in our institute. Among them, 16 (14.7%) patients with AVBAO were treated with MT in our institution. Two patients were excluded from our study. One patient had previous occlusion of another intracranial vessel. The other patient had failure of advancement of the microcatheter in the VA. The remaining 14 patients (12.8%) underwent MT. Intravenous rtPA was administered in 5 patients (35.7%) because of symptom duration \<4.5 hours. We analyzed the clinical and angiographic outcomes in 14 patients with AVBAO.

Patient characteristics
-----------------------

Six patients were men and eight were women. The median age was 71.4±2.4 years (49-83). Among risk factors, 78.6% had hypertension, 64.3% had cardiac disease, 57.1% had atrial fibrillation, 28.6% had DM, 21.4% had hyperlipidemia, 21.4% had previous transient ischemic attack (TIA) or stroke, and 7.1% smoked. The stroke etiology according to TOAST classification was cardioembolic (CE) in 10 (71.4%) and large artery atheroma (LAA) in 4 (28.6%). Median NIHSS score was 20.0 (9-25). Five (35.7%) of 14 patients underwent intravenous rtPA as bridging therapy before MT, with a median dose of 25.5±16.0 mg (4-30).

The occluded site was the distal BA in 6 (42.9%), distal BA with both posterior cerebral arteries in 1 (7.1%), distal BA with VA in 2 (14.3%), middle BA in 4 (28.6%), and proximal BA with distal basilar and VA in 1 (7.1%).

Median time from symptom onset to groin puncture was 221.0± 219.7 min (24-817). Median time from groin puncture to recanalization was 23.0±14.5 min (10-60). Twelve patients were treated with Solitaire FR and 2 with Penumbra reperfusion catheters. The median number of passes for Solitaire FR or Penumbra reperfusion catheters was 2.57.

Initial TICI score before recanalization was 0 in 13 patients (92.9%) and 1 in 1 patient (7.1%). Final successful (TICI score 2b or 3) or unsuccessful recanalization (TICI score 0 or 2a) was achieved in 11 (78.6%) patients and 3 (21.4%) patients, respectively.

Thrombectomy alone vs. additional multimodal treatment
------------------------------------------------------

Ten patients (71.4%) were treated with thrombectomy alone and 4 (28.6%) with multimodal treatment.

In 9 patients with distal BA occlusion, according to the location of occluded vessel, there were successful recanalization using thrombectomy alone in 6 patients (66.7%) and additional treatment modalities in 2 (22.2%), respectively. Unfortunately, one patient (11.1%) underwent no recanalization. In 2 patients treated with additional treatment modalities, the location of occluded vessel were distal BA and VA occlusion (No. 10 and 11). Although successful recanalization of the distal basilar and VA occlusion was performed, repetitive reocclusion after recanalization of the VA occurred. Because of reocclusion after recanalization despite 3 attempts at thrombectomy, we tried IA thrombolysis (IAT) with 1.0 mg tirofiban, and IAT with 1.5 mg tirofiban with balloon angioplasty, respectively, due to underlying atherosclerotic stenosis of the intracranial VA.

In 3 patients with middle BA occlusion, there were successful recanalization using thrombectomy alone in 2 (66.7%) patients and additional treatment modalities in 1 (33.3%), respectively. In one patient treated with additional treatment modalities, reocclusion after recanalization occurred despite several thrombectomy plus IAT attempts with 1.0 mg tirofiban. Because of underlying tight atherosclerotic stenosis of the middle BA, balloon angioplasty after Solitaire stenting was performed. For the in-stent thrombosis, additional IAT with 1.0 mg tirofiban (total 2.0 mg) was administered. Successful recanalization was achieved.

Unfortunately, in 2 patients including proximal BA occlusion, there were no successful recanalization. A schematic diagram of treatment modalities and grade of recanalization according to the location of the occluded vessel is shown in [Fig. 1](#F1){ref-type="fig"}.

There were no fatal complications such as vascular rupture or symptomatic intracerebral hemorrhage. There were distal emboli in the right PCA during the procedure in one patient (No. 2) and asymptomatic subarachnoid hemorrhage in the peripontine cistern (No. 5). These two patients had no neurological deficits.

Median initial NIHSS score was 19.5. Ten patients (71.4%) of the 14 patients experienced NIHSS score improvement of ≥10 or ≤6 points at 7 days. One patient showed a poor outcome at 7 days. Median NIHSS score at 7 days was 4.4±7.4 points. The mRS score at 3 months was 0-2 in 7 (50%) of 14 patients, and 3-5 in 4 patients (28.6%), and the remaining 3 patients (21.4%) without recanalization died. Clinical and angiographic characteristics in AVBAO patients treated with thrombectomy are summarized in [Table 1](#T1){ref-type="table"}.

Analysis of variable factors affecting outcome
----------------------------------------------

As noted above, we classified the 2 groups into thrombectomy alone and multimodal treatment. According to variables such as hypertension, DM, smoking, hyperlipidemia, atrial fibrillation, cardiac disease, previous TIA or stroke, and TOAST classification, we compared the thrombectomy alone vs. multimodal treatment groups. In 10 patients with thrombectomy alone, 9 (90%) were classified as having CE. In 4 patients with multimodal treatment, 3 (75%) showed a statistically significant correlation between TOAST classification and multimodal treatment (*p*\<0.05). Except for the TOAST classification, there were no statistically significant correlations between other variables and treatment modalities (*p*\>0.05).

In 11 patients with successful recanalization, 10 had immediate favorable outcomes (NIHSS score improvement of ≥10 or ≤6 points at 7 days). There was a statistically significant correlation between successful recanalization and immediate favorable outcome (*p*\<0.05). Although there was no correlation between recanalization and mRS score at 3 months, unsuccessful recanalization showed a trend toward poor outcomes ([Table 2](#T2){ref-type="table"}).

Moreover, in 10 patients treated with thrombectomy alone, 8 (80%) and 7 (70%) had 7-day and 3-month favorable outcomes, respectively. In 4 patients who underwent multimodal treatment, 2 (50%) and 4 (100%) had 7-day and 3-month unfavorable outcomes, respectively.

DISCUSSION
==========

Since the MT device was first used, stent retrievers or reperfusion catheters have introduced a new strategy for treating large intracranial vessel occlusions, and achieving higher recanalization rates and better clinical outcomes than previous treatments[@B2][@B6][@B7][@B8][@B15][@B17][@B22][@B24]. However, compared with anterior circulation (internal carotid artery and middle cerebral artery occlusion) stroke, there have been few reports about results in AVBAO. Accordingly, detailed investigations on treatment methods and outcomes of thrombectomy in AVBAO are reported in this study.

In a recent study on the effect of thrombectomy in AVBAO[@B2][@B8][@B9][@B17][@B19][@B24], successful recanalization rates and 90-day mRS scores (0-2) were 64-94.4% and 22-57%, respectively. In a review of several published reports on recanalization and outcomes in patients with AVBAO treated with thrombectomy, treatment methods and the percentages of final successful recanalization (TICI 2-3) are usually described.

Thus, we focused on additional treatment methods for achieving successful recanalization after the failure of thrombectomy alone, and the causes of failure after thrombectomy alone in AVBAO. Espinosa de Rueda et al.[@B9] reported that definitive post-clot-retrieval intracranial stents were used in 5 patients (27.7%) due to atherosclerotic intracranial stenosis. In addition, Mordasini et al.[@B17] reported that 4 (28.6%) of 14 patients underwent insufficient recanalization after thrombectomy alone was due to underlying atherosclerotic stenosis. Additional deployment of a permanent intracranial stent was achieved in 3 patients (21.4%) and percutaneous transluminal angioplasty (7.1%) in 1 patient. In our study, except for 1 patient (7.1%) with failed recanalization after pre-balloon angioplasty and repeated thrombectomy, 3 patients (21.4%) treated with additional treatment modalities in the repetitive reocclusion after recanalization underwent successful recanalization; IA tirofiban infusion after thrombectomy was performed in 1 patient, IA tirofiban infusion plus balloon angioplasty in 1, and IA tirofiban infusion plus post-balloon angioplasty after stenting in 1.

Atherothrombotic occlusion in the presence of underlying intracranial stenosis can make successful recanalization more difficult. Mordasini et al.[@B17] suggested several causes : 1) more adhesive thrombus occurring on the surface of ulcerated atherosclerotic plaques than embolic thrombi, 2) a higher risk of reocclusion after partial recanalization by stent retrieval on the basis of a high-grade atherothrombotic lesion, and 3) insufficient radial outward force during temporary deployment to overcome a high-grade atherosclerotic stenosis. Additionally, thrombectomy can induce endothelial injury and thrombus formation at the site of atherosclerotic ulcerative plaque. This endothelial damage after Solitaire thrombectomy was reported in an animal study.[@B21] In our study, 3 (75%) of 4 patients who underwent multimodal treatments had LAA in stroke etiology according to the TOAST classification (*p*\<0.05). These 3 patients with multimodal treatments had repetitive reocclusion after transient recanalization by thrombectomy alone; therefore, we suggested that there was underlying intracranial stenosis in the occluded vessel sites. For overcoming repetitive reocclusion by thrombectomy alone in lesions involving intracranial stenosis, it can be helpful to use IA thrombolytic agents, balloon angioplasty, or permanent stent placement.

In 3 patients with failed recanalization despite multimodal treatment, the cause was large thrombus burden in 2 patients (No. 3 and 7) and long segment intra-luminal narrowing in 1 (No. 6) ([Fig. 2](#F2){ref-type="fig"}). Although patients with failed recanalization are much decreased in number since the introduction of MT devices, failed recanalization is possible because of underlying long segment severe intracranial stenosis. Because of the risk of vascular rupture, a procedure may be terminated after one trial of thrombectomy.

According to thrombectomy alone vs. additional multimodal treatment, we reviewed published reports with AVBAO treated with thrombectomy ([Table 3](#T3){ref-type="table"}). In this study, we report the effectiveness of treatment in 14 AVBAO patients in our institution with thrombectomy. Successful recanalization rate of our study is 78.6%, this rate is comparable with that of other studies. We performed the additional multimodal treatment in 4 patients (28.6%) compared with 61% in Mourand et al.[@B19], 28.6% in Mordasini et al.[@B17], and 27.7% in Espinosa et al.[@B9] These findings mean that thrombectomy alone maybe not sufficient to recanalize the occluded vessel.

A 90-day mRS score of 0-2 in our series was seen in 50%, compared with 57% in Andersson et al.[@B2], 50% in Espinosa et al.[@B9], 28.6% in Mordasini et al.[@B17], and 35% in Mourand et al.[@B19] We observed a mortality rate of 21.4% in our series, compared to 21% in Andersson et al., 22.2% in Espinosa et al.[@B9], 32% in Mourand et al.[@B19], and 35.7% in Mordasini et al.[@B17] It was reported that age, hypertension, NIHSS scores, collateral status, and the use of MRI prior to EVT predicted clinical outcome, the latter 3 remaining independent predictors in multivariate analysis. Independent predictors of recanalization were better collateral status and the use of a stent retriever[@B28]. Because detailed additional multimodal treatment was not described well in this study, it was not included in our analysis.

In the current study, there was a procedure-related complication in 1 (7.1%) patient with distal emboli during thrombectomy. There was no sign of vessel perforation or dissection. Postprocedure subarachnoid hemorrhage occurred in 1 (7.1%) patient. Fortunately, no symptomatic intracranial hemorrhage occurred according to Prolyse in Acute Cerebral Thromboembolism (PROACT) II criteria[@B12]. This low rate of hemorrhage compares favorably with the rates of symptomatic intracranial hemorrhage reported in other studies (0-21.4%)[@B2][@B8][@B9][@B17][@B19][@B24].

This study has several limitations due to the different thrombectomy devices, retrospective analysis, single center experience, and small number of patients. Moreover, because multimodal treatment was applied due to underlying intracranial stenosis, the effect of MT alone can be unclear. There can be racial differences of underlying intracranial stenosis in vertebrobasilar arterial occlusion. Different applications of revascularization methods for intracranial stenosis may be needed in AVBAO. Large prospective, randomized trials is necessary in this aspect.

CONCLUSION
==========

We suggest that mechanical thrombectomy is safe and effective for improving recanalization rates in AVBAO, with low complication rates. Also, in carefully selected patients after the failure of recanalization by thrombectomy alone, additional multimodal treatment such as IA thrombolysis, balloons, or stents can be needed to achieve successful recanalization.

![Schematic diagram of treatment modalities and grade of recanalization according to the location of the occluded vessel. PCA : proximal posterior cerebral artery, VA : vertebral artery, SR : successful recanalization, BA : basilar artery, IA : intra-arterial, NR : no recanalization.](jkns-58-419-g001){#F1}

![(A) Preoperative angiographic finding of distal VA occlusion, (B) angiographic finding of long-segment intra-luminal narrowing of the proximal BA and distal VA segment after thrombectomy. BA : basilar artery, VA : vertebral artery.](jkns-58-419-g002){#F2}

###### The summary of clinical and angiographic data of 14 patients with AVBAO treated with thrombectomy
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BA : basilar artery, CE : cardioembolic, IA : intra-arterial, LAA : large artery atheroma, NIHSS : National Institute of Health Stroke Scale, PCA : posterior cerebral artery, TGR : time from groin puncture to recanalization, TICI : Thrombolysis in Cerebral Infarction, TOAST : The Trial of Org 10172 in Acute Stroke Treatment, SAH : subarachnoid hemorrhage, VA : vertebral artery

###### Grade of recanalization and treatment modalities according to clinical outcomes
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mRS : modified Rankin Scale, NIHSS : National Institute of Health Stroke Scale

###### Review of published data on recanalization and outcome of patients with AVBAO treated with thrombectomy alone and multimodal treatment
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TICI : Thrombolysis in Cerebral Infarction, mRS : modified Rankin Scale, ICH : intracranial hemorrhage
